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Most isolates were typed using PFGE and a high similarity between isolates within each serotype positive for qnr genes was observed in this study (data not shown). The Salmonella Enteritidis isolates had identical PFGE profiles and the 27 Salmonella Corvallis isolates were divided between 11 different but closely related PFGE types. Four PFGE types included 20 of the Salmonella Corvallis isolates, and the remaining PFGE types were represented by one isolate each and differed from other PFGE types by one small band below 33 kb (data not shown). Seven of the nine Salmonella Typhimurium were divided between two closely related PFGE types, and the remaining two isolates had two different profiles that differed by very few bands from the other PFGE types. Salmonella Typhimurium isolates were furthermore typed by multilocus variable number tandem repeat analysis (MLVA). 9 All isolates positive for qnr genes differed at only one locus, the STTR5 locus. Loci STTR6 and STTR10 were not present, whereas STTR3 and STTR9 had fragment sizes of 516 and 162 bp, respectively (data not shown). This is in concordance with data from the UK and indicates a close relationship between qnrS1-positive Salmonella Typhimurium isolated from humans in Denmark and the UK. 8 The Far East has been proposed as the common origin since Salmonella Typhimurium from the UK with this MLVA type were isolated from tourists returning from Asia. 8 This is supported by our study, since 44% of Danish qnrS-positive Salmonella Typhimurium were isolated from tourists returning from Asia and travel history was unknown for the remaining patients.
The most predominant co-resistance among all qnr-positive isolates was sulphonamide, streptomycin and tetracycline (Table 1) . None of the isolates had the extended-spectrum b-lactamase (ESBL) phenotype, but one isolate had the AmpC phenotype as detected by the combination disc method. 10, 11 In conclusion, we found that qnr genes were present in 66% of Salmonella isolates selected on the basis of decreased susceptibility to ciprofloxacin and low-level resistance to nalidixic acid. Our study supports recent studies from the UK and the Netherlands in which high prevalences of qnr genes have been shown among isolates selected using similar criteria. 6, 8 Furthermore, on comparing with other serotypes, a high level of qnr-mediated resistance was seen in Salmonella Corvallis where 46% of all isolates were positive for qnr. The highest diversity of qnr genes was detected among the Salmonella Stanley isolates, including a new variant of qnrS. Sir, Although quinolone resistance is commonly mediated by chromosomal mutations, plasmid-mediated quinolone resistance (PMQR) has also been reported, and at least three types of PMQR genes are known to date, including the qnr genes (A, B and S), the aac(6 0 )-Ib-cr gene and the qepA gene. 1, 2 In China, quinolones are commonly used for disease prevention and control in poultry production, but it is still unknown if PMQR determinants are present in bacteria isolated from chickens. The aim of this study was to investigate the prevalence of three PMQR determinants among Enterobacteriaceae isolated from diseased chickens in China.
Livers of 91 diseased chickens from a typical production farm located in Sichuan Province were cultured for Gram-negative bacteria between March 2006 and September 2007. A total of 30 isolates were recovered. Using the API 20E system (bioMérieux, Marcy l'É toile, France), Escherichia coli (20; 66.7%) proved to be the most prevalent species, followed by Kluyvera spp. (3; 10%), Salmonella Choleraesuis (2; 6.7%), Citrobacter braakii (2; 6.7%), and Citrobacter freundii, Enterobacter amnigenus and Proteus mirabilis (1 each; 3.3%). All 30 isolates were screened for the presence of the three types of PMQR by PCR as described previously. 3 All positive results were further confirmed by sequencing and qnr alleles were assigned by referring to the qnr gene nomenclature. 4 In addition, phenotypic and genotypic tests for extended-spectrum b-lactamases (ESBLs) in PMQR-positive strains were performed according to the CLSI recommendations and PCR assays described elsewhere. 5 The genes qnrA, qnrB, qnrS, aac(6 0 )-Ib-cr and qepA were detected in 2, 7, 2, 5 and 1 of the 30 Enterobacteriaceae isolates, respectively. The qnr genes represented the qnrA3, qnrB6, qnrB10 and qnrS1 alleles (Table 1) . Notably, all aac(6 0 )-Ib-cr genes were detected in coexistence with qnrA or qnrB in different bacterial species (Table 1) . One to three mutations in the quinolone resistance-determining regions (QRDRs) of the genes gyrA and parC were detected in all PMQR-positive isolates except strain 16. Although the point mutations were identical, the MIC of ciprofloxacin for E. amnigenus (strain 2-2) and C. freundii (strain 13-2) was 8-fold lower than for C. braakii (strain 2-3), which was probably due to the presence of aac(6 0 )-Ib-cr in C. braakii. In addition, ESBLs were detected in one qnrS1-and one qnrB6-carrying E. coli strain, both of which contained the bla CTX-M-14 gene and showed high MICs (128 mg/L) of ceftiofur (Table 1) .
To investigate whether qnr, aac(6 0 )-Ib-cr or bla CTX-M-14 were located on plasmids and whether the transfer of PMQR genes increased the resistance of the recipient E. coli to antibiotics, we transferred the PMQR determinants from qnr-positive isolates to E. coli DH10B and E. coli J53Az R using electroporation and conjugation. Conjugation was successful for the qnrB6-positive E. coli isolates 2-1 and 18-1, but not for the qnrS1-carrying E. coli isolates. Thus, the qnrS1 determinant was transferred by electrotransformation. Southern blot hybridization was performed with digoxigenin-labelled probes specific for qnr, aac(6 0 )-Ib-cr and bla CTX-M-14 . The results confirmed the transfer of the plasmids and revealed the co-localization of qnrB6 and aac(6 0 )-Ib-cr on the same plasmid of 69 kb in strains 2-1 and 18-1 and their transconjugants 2-1T and 18-1T as well as the coexistence of qnrS1 with bla CTX-M-14 on the same plasmid of 90 kb in strain 07-2 and its transformant 07-2T (data not shown). Notably, increases in the MICs of multiple classes of antimicrobials were observed in transconjugants and transformants, including a .16-fold increase in the MICs of four tested fluoroquinolones and co-transferred resistance to some other antimicrobial agents ( Table 1 ), suggesting that the qnr-encoding plasmids also carried other resistance determinants.
To determine the sequences of genes qnrB6 and qnrS1 and flanking regions, the plasmids extracted from the transformants and transconjugants were digested with restriction enzymes and subsequently cloned into pBC SK þ . In total, two identical 3.9 kb regions containing qnrB6 from strains 2-1T and 18-1T were obtained. These sequences were 99% identical to the partial sequence of plasmid pLC24 (EU543271) from Klebsiella pneumoniae of dog origin. Two different qnrS1-containing fragments, 3.6 and 3.2 kb, from strains 16T and 07-2T, respectively, were also sequenced. The 3.6 kb fragment from 16T was nearly identical (.99% identity) to the two reported qnrS1-harbouring plasmids: pAH0376 from Shigella flexneri of human origin and pINF5 from Salmonella enterica Infantis of chicken origin. 6 These sequence homologies suggested a potential common origin of the plasmids. The 3.2 kb sequence obtained from strain 07-2T revealed an unusual organization of the ORFs surrounding the qnrS1 gene, which was flanked by duplicated but inverted ORF 259 annotated as a putative transposon resolvase in plasmid pHS8 from K. pneumoniae. 7 The GenBank accession number for the obtained sequences from strain 07-2T is EU939771.
In summary, our study revealed the high prevalence of PMQR genes in Enterobacteriaceae of poultry origin, which may be attributable to the horizontal spread of these resistance genes among different bacterial species. Inappropriate and excess use of various antimicrobials in poultry production may have served as a major selection pressure for the horizontal transfer of these resistance genes. Anti-MRSA activity by b-lactams under standard conditions must, however, be treated with caution since the expression of
PBP2
0 and the contingent level of b-lactam resistance notoriously vary with the conditions, being promoted by low temperature and increased salt. 2 We investigated whether these factors affected the MICs of PZ-601, aiming to determine whether, like ceftobiprole 3 and ceftaroline, 4 it retains anti-MRSA activity even under rigorous PBP2 0 -inducing conditions. MICs of PZ-601 (Protez Pharmaceuticals, Malvern, PA, USA) were determined on Mueller -Hinton agar (Oxoid, Basingstoke, UK) supplemented or not with 2% NaCl and with the plates incubated in air at 30 or 358C. Imipenem (Merck Sharp & Dohme, Hoddesdon, UK) was used as a control, since some MRSA appear susceptible under standard test conditions, although the drug is not effective against these organisms in vivo. 5 The isolates were randomly selected from recent reference submissions and the UK European Antimicrobial Resistance Surveillance System collections (http://www.earss.rivm.nl) and comprised: (i) methicillin-susceptible S. aureus (MSSA, n ¼ 20); (ii) members of the predominant UK epidemic MRSA clones, 6, 7 EMRSA-15 (CC22-SCCmec-IV) (n ¼ 40) and EMRSA-16 (CC30-SCCmec-II) (n ¼ 20); and (iii) non-epidemic MRSA (n ¼ 20).
MICs of PZ-601 for MSSA ranged from 0.015 to 0.03 mg/L, with geometric mean values raised slightly by the addition of 2% salt but not by reduced temperature (Table 1 ). In the case of MRSA, MICs were raised slightly both by reduced temperature and by the addition of NaCl, but with the geometric mean value rising only from 0.88 mg/L at 358C without added salt to 1.49 mg/L at 308C with 2% NaCl. Under no circumstances did any MIC of PZ-601 for MRSA exceed 4 mg/L. Low temperature and added salt had greater effects on the MICs of imipenem for MRSA, where the geometric mean value rose from 11.6 mg/L at 358C without added salt to 32.0 mg/L at 308C with 2% NaCl. Moreover, whereas 9/80 MRSA appeared susceptible to imipenem at 1 mg/L at 358C without added salt, only two did so at 308C with 2% NaCl.
MICs of PZ-601 for EMRSA-16 isolates were mostly one doubling dilution higher than for EMRSA-15, as illustrated by the higher geometric mean values shown in Table 2 and by the fact that, at 308C with added salt, MICs of 4 mg/L were recorded for 6/20 EMRSA-16 isolates versus 1/40 EMRSA-15. The reasons for this difference are unclear but it is notable that Stefani et al. 8 also found that MRSA with SCCmec-IV (as in EMRSA-15) were among the more susceptible to PZ-601. EMRSA-15 is now considerably more prevalent in the UK than EMRSA-16 (HPA, data on file).
We conclude that, like ceftaroline and ceftobiprole, 3, 4 PZ-601 retains genuine activity against MRSA and is not compromised Research letters
